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1. BWMARY

The purpose of Task IIX of NASA Coutract No. NAS1-8708, wws to study the
effects of sand/dusi erosion on candidate therisd control coatings, optical
windovs, and mirrors for the proposed 1973 Mars Viking Lander,

The specific objectives were to deteriine changes in the following param-
eters as a result of exposure to the erosion environment:

. Coating thickness,

. Coating weight.

» Solar absorptance of coatings.

. Infrared emittance of coatings.

. Transmittence for optical windows.
. Reflectance for optical mirrors.

All objectives of Task III were successfully completed. Martian sand/dust
storm erosicn conditions were simulated by airborne silica sand particles in
wind at velocities of 220 ft/sec using air at a static pressure of 7 torr.
Large increases in solar absorptance were measured for the majority of the
coatings exposed to the simulated environment. The hard materiels (flame
sprayed coatings and glass reference slides) and the soft alumino-silicate
pigmented glass resin coating experienced the greatest coating weight loss.
Tests conducted to determine the extent of degradation of optical surfaces
indicated that optical windows exposed for longer than 10 minv‘es and optical

mirrors exposed for longer than 5 minutes were significantly degraded.

1l
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2. IITRODUCTICH

There has been considerable discussion in recent years about the possibility
of Earth-type zand/dust storms uceurring on the Martian surface. The bels:f in
such storme has ™een strengthened by scme of the data acquired by Mariner probes
and Earth-barzd telescopic ooservations. These data covered parameters such as
surface pressures, temperature variations, and surface features,

McDonnell Douglas utilized these data as the criteria for sirmlation of
surface winds and subsequent analyses of phenomena which might be caused by the
winds., licDonnell Dizuglae then experimentally verified the possibility of
.ccurrence of sand/dust storas on iars., This experimental capability was
extended to include stuldies of erosion of typical candidate materials for use
on the exterior of & ifars planetary larder.

Cne of the major goais of the Viking project js to land a vehicle containing
a sclentific package on the surface of Mars in 1973, The vehicle will be re-
quired to perform scientific experiments for a period of 9C days in an environ-
ment which is considered to be quite hostile because of the low surface pressure
and extreme terperature variaticns which make the generation of high velocity
winds theoretically possible.

This report presents the resplts of a series of tests performed under
similated Martian sand/dust storm conditlons which provide data con the combined
influence of wind velocity, sand/dust density*, and atmospheric pressure on the

thermal radiation or optical properties of selected thermal contirol coatings and

* In this report, "sand/dust density"” refers to the mass of airborne sand and
dust per unit volunz of alr in tae simulated Martian wind. The term "particle
density" is also used in this context,

2
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optical materials. Erosion rates, thermal radiative properties, a.nrl/c-r optical
properties vere determined for twelve types of thermal control coatings; two
types of mirrors, and two types of window materials,

Volume II cf the Final Report on Contract No. NASi-8708 is designated as
NS CR-66882, "Planetary Environment Simulation, Martian Sand and Dust Storm

Similstfon and Evaluetion."”

-
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3. PRO.LEM DEFINITION AND APPROACH

Studies by others have established some probable Martian envircrmental
conditions based on telescopic observativns supplemented Witk postulations of
related surface phem:nx':znf:..l"2 Conclusions have also been drawn from dat:.
obtained during the Ma:*iner IV flyby to belp establish Mars surface condit.ons
to be similated.>”"” ariner IV measurements allowed determination of atuo-
spheric pressure and temperature,

The Martian surface may contain much silicate material, bazed on analogies
between Earth and Lunar surface characteristics and measurement of Martian
surface phencmenu.h Conclusions drawn about surface roughness and particle size
distribution on Mars are based upon some Earth-type geologlical processes.

The wind velocities required to create sand/dust storms under Mertien ccndi-
tions mat, be approximately nine times those required on Earth, based on threshdld
velocity equations developed for Earth za.nd/dust storm:s.5 The fact that portioms
of the Martian surface cre occasionally obscured by what appear to be transient
white, blue, or yellow cloud formations implies the existence of wind patterns
there.

McDonnell Douglas became concerned with the possible effects of sand/dust
storms on planetary lander materials during the early stages of the Voyager
proposal effort.6 The similated Mertian environments generated at Mclionnell
Douglas then were quite similar to the parameters listed more recently by NASA.l

Those early tests confirmed the hypothesis that simulated Martian sand/dust
particle tramsport and wind characteristics are similar to those on Earth,
except for the higher wind velocities and .ower pressures or Mars. It was

realized that further studies of the mechanism of particle transpcrt by low-

i
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pregsure wind was required and the recent investigations performed in this area
are described in Volume 11 of this report.

The relationship between the atmccrheric pressure and the wind velocity

required to csuse particie rwvement opn the surfacs 15 expressed by the following
equation:

Py = yV/¢
where,

Py = dynsmic pressure (1b,/f12)

atmospheric density (lbw/ft3)

Y =
V = fluid threshold velocity (ft/sec)
£t 1ba
g = unit conversion factor (32,17 ———
1br secd

The test samples selected for evaluation are listed in Table 1. Earlier
studies had shown that the erosion resistance of pigmented thermal contrci
coatings is controlled by the binder in the coating formulation, 8o represerte-
tive coatings were chosen for these tests on the basis of their Iad.mlcrs.6
These binders included Owans, Illinois No. 650 silicope resin, General Electric
RTV-602 methyl silicon2, DeSoto 529-004 epoxy, and DeSoto 821-010 polyurethane.
The major r-quirement for a thermal control coeatirg or the lander will te for a
high thermal esittance (cT) low solar absorptance (as) radiator coating which
will zeintain its low ag/eq ratic even after partial erosion. It should be
possible to formilate other coatings with the binders which have been evaluated

but with pigments chosen to optimize the rediative properties desired. Scme of

5
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the nelellized polymeric films and flame or plasna sprayed ccaltings were elc.
known to possess high ep and low ¢g, and wers included in the test program.
These coatings included aluminum and gold-metallized Teflon, goid metallized
Kzpton, and plasma sprayed aluminum oxide (A1203).

The optical materials chosen were fused silice (Corning 7940) and alumino-
siiicate {Corning 1723), a first surface aluminized mirror with 8102 coating,
and a second surface aluminized fused silica mirror. These materials were con-
sidered to be typical candidate materials for use in camera optical systems.

Wind velocity, static air pressure, and sand density for the test were
selected by KASA and McDonn=li Douglas on the basis of the Mars engineering
model parameters.l Silica sand particles ranging from 4l to 105 microns vere
used for all tests., These particle sizes vere within the range postuleted tc
occur on the Martian surface. Particle screening was performed in accerdance
with IL~STD-810A. The particle density used in tests was baszed upon results
of studies of particle saltation phenomena in simulated Mertian sand storms
and was controlled by regulating the sand feed rate into the supplLy air stream.
The effect of the velocity, pressure and sand density was evaluated by measuring
the erosion of selected reference specimens of grit blested aluminum, plasma
sprayed 51203, and glass microscope slides prior to expcsing the test sarpies

listed in Table 1.

8
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4. UEST METHODS AND RESULTS

.l TEST FACILITY

4,i.1 ENVIROMENTAL CHAMBER. The previous coating erosion study which

was referenced ir this report was perf-rmed in the same vind tunnel esystem

used ir this study.6

However, in the previocus experiments, the tunnel waz
located in a 14 x 14 x 35-foot high-altitude chamber wit:z a 3-stage steam
ejector pumping system.:l RBecause of schedule conflicts with another test
program in that chamber, the wird tunnel and asscciated simlator equipment were
relccated in & 5 x 11 x 20-foov high-altitude chamber with a six-stage steam
elector pumping system. The steam ejector is a noncornéensing unit which uses
65,000 pounds of steam per hour and has the performarce, measured at the cheauber,
showa in Figure 1. The wind tunnel system includes an air disperser, stilling
screen, and convergent nozzle (Figure 2). The complete system is capable of

1 and can be used to

simulating the required Mars engineering model parameters,
generate winds up to 550 ft/sec through the 9.5 x 1&,5-inch ‘unnel exit plane
at & chamber static pressure of 6 tory,

The chamber is connected to the steam ejector by a 30-inch diameter pipelire
vith a butterfly valve used to control chamber pressure and to isolate the
ejector from the chamber during ejecter siartup and shutdown. Variations in the
combination of wind velocity and chamber pressure are achieved by adjusting the
metered air flow to the tunnel and by throttling the exhaust flow with the
butterfly vaive. Air used in the wind tunnel i1s drawn from the McDonnell Douglas
supersonic wird tunnel air storage tanks. This air is filtered and dried to a

dew point of -20 to -U4O°F. Tre air is metered through an orifice type flowmeter.

9
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Figure 1 Steam Ejector Performance With 9.5 In. x 14.5 In.
Tunnel In 11.Ft Chamber
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Figure 2 — Martian Environmental Test Facility
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Downsiream from the flowmeler, the air flcows through a 2-inch diameter pipe
to a disperser inside the tunnel, through the stilling screens, through the

9.5 x 14,5-inch nozzle:, and into the chamber,

4,1.2 SAND METERIEG SYSTEM. The silica sand used in the erosion tests

was metered into the 2-inch pipeiine at a point between the flowmeter and
disperser. The sand metering system was set to produce e particle density of
2x 10-4 oz/f’ca at the tunnei outlet, with a wind velocity of 220 ft/sec and a
chamber pressure of 7 torr. The sand metering system consists of a hopper
with a variable-size orifice at the bottom through which sand is gravity-fed
cnto a curved endless belt driven by a variable speed motor (Figure 3). Toe
belt, which passes under a scraper blade to ievel the sand surface, carries a
xnown vclume of sand per unit length, and is driven at a speed to suit the sand
dencity requirements of the test. Sand drops off the end of the belt ircto a
funnel which is connected to the 2-inch air line leadins into the wind tunnel.
The higher atmospheric pressure outside the line carries the sand frem the

funnel into the low pressure air siream.

L,1.3 THST SPECIMEN FIXTURE. To more efficiently utilize facility

operating time in testing multiple camples, a specimen holder assembly was
fabricated which includes six specimen holders mounted on a remote-controlled
stepper motor shaft., Each specimer holder can hold five 2 x 2-inch coating
specinens, which permits testing of a5 many as 30 different specimens withew.
interrupting operation of the simlaicr. T.. ossembly was located at the exit
of the tunnel (Figure 4). The six holders are contained within a housing so
that only one holder at & time is exposed to the wind. ®©ach holder can be set

to any desired angie relative to the wind stream.

12
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Specimen Holder Assembly

Coating Specimens

Wind Tunnel

Drive
Motor

Figure 3 — Wind Tunnel and Sond Metering System
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Specimen Hoiler Assy
ﬁ//— Specimen Hoider
/—Coaiing Specimens
| Wind Tunneli

~_ /’

~

Specimen Holder Assembly Specimen Holder

Figure 4 — Specimen Holder Assembly Mounted In Test Chamber
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L2 TEST SEQUEIICE. pefore the selecte? thermal control coatings and
optical meterials vere subjected tc the simulated ileitien sand/dust erosion
environment, a ctudy cf parameters associated with the sa.nd/dust rtorms was
conducted. ‘te values of the parameters zelected for testing were within the
reginie of wind velocities and static pressurazs listed by ASA as satiszfactory
iars lander engineering model gu:i.delines.l The test sequence flow chari ic

shown in Table 2.

k,2,1 PARAETE? STUDY - REFERENCE SPECIIEIS. Reference Specimens R-1

through R-9 were s.ojected to a range of test conditions within the guideline
lirits! in order to select the best single set of parameters to produce reason-
acle erocsion of the test sarples to be evaluated., The reference specimens used
in the evaluation of erosion environment severity were silica glass slides,
grit blasted 6061 aluminum plates, and plasma sprayed Alp03 coating on €061
aluminum. All of the 2 » 2-inch specimens were mounted with their test surfsces
at an angle of 90 degrees (ncrmal to the wind). Each reference nurver (-1
through R-9) represented three slides, one of each raterial. The criteria used
here for determining parareter severity consisted of weight and thickness rea-
surements before and after erosion. ‘eight change was measured by the use of
an analytical balance, and coating thickness loss was reasured with a nicrometer.
The corditions chosen from this series of tests and vsed for subsequent
erosion studies were a wind speed of 220 ft/sec, static pressure of 7 torr, dust
-4 a
density of 110 oz/ft , and an exposure time of 2 hours. The specimen mount-

ing angie and the dust density were varied to determine their effect upon erosion.

L,2.2 PARALETER STUDY - THERMAL COITRCL CCATIUGS. The exposure parareters

used for the erosion study of Group C-1A through C-12A vere those indicated in

POy YO ¥ T
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Erosion Ané Dust Coating Effects voLUNE I

Peragravk. 4.2.1 wut at a b5-degree mounting angle. The purpose of using a
k5-degree angle was to evaluate the erosion effect of particles havi.g cormponents
of foree in shear and normel to the coating face, FKesults of the test are

stown ic Tsbles 3 and 4. Dmittence and absorptance measurements were nut made
for Group C~A specimens because the main interest was to confirm the selection

of satisfactory erosion paraceters.

k2.3 EROSION STUDY OF THER.AL CONTRCL COATIHGS. Three groups of sreci-

mens (Groups C-B, C-C, and C-D) were measured for weight, thickmess, tcu.al normal
emittance (€g) and solar absorptance (¥g) before and after the exposuce to the
erosion environment. One set of % and ¢T vaiues was obtained immediately
after rerwval from the erosion environment while residusl dust wa. still on the
coating surfaces. Another set of values was taken after the coating swrfacus
vere cleaned by brushing with a soft Nylon brusk in & stream of nitrogen gas.
Four coating specimens and a silica glass reference clide were mounted in each
specimen holder as shown in Figure 4. Each glass slide served as a coa'rol
specimen for verifying the severity of the ercsion exposure for the group cf
specimens tested with it. The weight loss wes determined by use of an amalytical
balance and the thickness measurements were made with a micrometer. A Beckman
DK-2% Ratio Recording Spectrometer with an integrating sphere reflectometer wes
used to measure the solar absorptence at ambient temperature and pressure. A
Gier Dunkle Emissometer, ifodel EM-2, was used to measure the infrared emittance.

».2.4 ERCSION STUDY OF OPTICAL MATERIALS. The optical materials (Groups
W1A-D, W2A-D, M1A-D, and MPA-D) were mounted in the same type of specimen bolder
used for thermal control coatings and were first subjected to the simuleted

18
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Table 3 — Change in Ceating Weight

Post — Exposure Resu!'s
Exposure Parometers”
r Group Group Group Group
C-IAC-12A | C-1C/C-12C | C-is/Cc-12B | C-1D/C-12D

45° 2 Hours 90° 2 Hours 90° 2 Hours 90° 4 Hours

Material 1.0x 1040z FrY 10107 0z F13 | 1.45x 104 0z F13 | 1.5x 104 oz F13

AWt {Grams)**

Alyminized Tetlon 60 00 .00 .00
Geld Coated Teflon 60 .00 00 .00
Gold Coated Kopton .00 00 i) .00
Grit Blasted 606176 Aluminum .00 .0 09 .00
Glass Resin Unpigmenied .00 .00 .00 .00
White Polyurethone .00 .00 .00 .00

Alum:num Pigmented Silicone 00 00 .00 .00 *
Alyminum Pigmented Enoxy -0 -.01 -.01 -.0]
Flame Spraved N:Al —.07 =07 -.07 -.12
Plesme Sprayed Al903 ~.08 -8 2197 ~.47
Flome Sproyed N:Al - Z:0) -1 -4 -6 -V
Alumino-Silicate Pigmented Glass Resin -7 -.19 20 =3
Glass Slide Reference -0 -.04 -.04 -.09
loss Slide Reterence -0 -.04 -.05 - 10
Closs Slide Referenze -.0 ~.04 -.05 =12

Note:  *Pressure 7.0 Torr
Wind Velocity 220 Ft./Sec
**Test Specimeas Were Cleoned With Comp:essed Nitrogen and
A Soft Nyicn Brush Prior To Measurements
***Estimated

e A I
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Table 4 — Chonge in Cooting Thickness

L Post Exposure Resuits
[ E xyosure Parameters”
Group Group Group Group
C-1A C-12A C-18-C-128 C-1C C-12C C-10 T-12D0
45° 2 Hours 90° 2 Hours 90° 2 Hours 90° 4 Hours
Materiais voxiedo:rd b oreao-d0, B2 Luasae-da; 3 L 15004 0: 3
\ Thickness Miis *
Alyminized T=flon 0 0 (Y 0
Gloss Resin — Unpigmented 0 0 0 Y]
Gold Coated Kopton 0 0 0 0
Gold Cooted Teflon 0 0 0 it
Grit dlosted 696176 Aluminum 0 -0.2 ~0.2 -2.3
Aluminum Pigmented Epoxy -0.1 -0.2 -0.3 —0.r
Alvminum Pigmented Silicone -0.2 0 -0 0
White Polyurethane ~0.3 ~1.0 -1.2 -0.2
Flome Sprayed NiAl -1.0 -2.9 =11 -1.5
Plasmo Sprayed Aly03 1.1 -1.4 ~0.6 =36
Flome Sprayed NoAi  Z:0; -1.2 -5.2 -0.5 -0.8
Alumino-Silicate Pigmen‘ed Gloss Resin -3.5 -3.4 -38 —-4.6
Glass Slide Reference 9 -0.2 -3 -0.5
Gioss Slide Reference 0 -0.2 -0.2 ~0.a
Glass Slide Reference -0.1 -0.2 -0.4 -1.1
Notes:* Pressure 7.0 Torr
Wind Velocity 220 Ft Sec
**Test Specimens Were Cleoned With Compressed Nitrogen and
A Soft Ny‘on Brush Prior To Mecsurements
Table S — Window And Mirror Erosion Parometers
Specimens Mounting ' Exposure
Angle Wind Velocity | Dust Density Time
Windows Mirrors Degrees Ft/Sec 0z/Ft Minutes
W-1A W-2A|M-1A M-2A | 90 220 1.45 X 1074 5
W-1B W-2B|M-1B M-2B | 90 220 145 x 1074 | 10 i
h
3
W-1C W-2C|M-1C M-2C | 90 220 e x4 s [
W-1D W-2D|M-1D M-20 | 90 220 145x 1074 | 20 i
20
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Martian sand/dust storm conditions shown in Table 2 (1.5 x 10-4 oz/f’ca density,
7 torr pressure, and 220 ft/sec velocity, at an angle of 90 degrees to the
test sample surface, for two hours). However, the preceeding test conditions
proved toc be so severe thet a paramétric study of the effect of surface damage

on optical propercies wWas impossible. In order to estabhlish optimum test con-

Jzae o mpE AP mndo Tden lpon cmeemlan cima dacdkad e
U1v10iiHy & S€¢ 01 59 a-117 §La55 SaIpiEs was tested under thesc conditions
V = 220 fi/sec
e 3 a2
- I - >,
P = 1.45x 10 oz/ct
P = T torr

t = 9, 10, 15 minutes

The degree of surface damage was determined by meusuring the direction
transmittance at a wavelength of 632.8 nm (nanometers) as described in
Appendix A, The results of these measuremerts indicated that exposure times
as small as 5 minutes caused a significant amount of surface darage., The
results of this preliminary test were used to establish a more realistic set of
test conditions. A new set of samples was fabricated and tested under the
revised conditions shown in Table 5,

The resolution of the windows material (fused silica, alumino-silicate)
were measured with the optical arrangement described in Appendix B, A variable

modulation test target, manufactured by Diffraction Limited, Inc., was used to

Bkl ¢ e eer

measure the resolution over a contrast range of 10 .» 97.7 percent. Measurements
were made visually, at tem contrast settings, before and after exposure,
Since the preliminary measurements indicated that the direction transmit.-

tance is sensitive tc the degree of surface damage, it was decided to measure

21
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both the diffuse transmittance (DT) and the diffuse plus specular transmittance
(DST) over a wavelength range of 650 tc 2750 nm. Both of the latter measurements
were made with a Beckman DK-2A Spectrometer equipped with an integrating sphere
reflectometer. The DST was measured by placing the sarple in front of the sample
btear entrance port on the integrating sphere (Figure 5) with magnesium oxide
coated platzses in both the exit reference and sample positicns. This arrangement
utilizes the light transmitted by the sample cver a complete hemisphere., The DT
was measured by reroving the oppcsite magnesium oxide coated plate, which per-
mitted the speculer component (the normal comporent of the tramsmitted flux) to
leave the integrating sphere exit port., In this case only the scattered light
incident on the wall of the integrating sphere is utilized for the measurement.
One hundred percent and zero lines were established on the spectrometer chart by
corparing two identical smoked magnesivm oxide plates.

Reflectance measurements on the mirrors were made with the sample replacing
the magnesium oxide plate in the sample beam. Measurements were made on the
mirrors before and after exposure to the simulated Martian dust storms.

Scattering of light by the mirrors was measured by positioning the nirror
in the sample exit port so that the beam was ref ected back on itself, and cut
the port. Only the light scattered out of the ref.:a2cled beam and incident con

the wall of ths integrating sphere is detected with this technique.

4.3 EROSION TEST RESULTS

4.3,2 COATINGS
4.3.1.1 WEIGHT CHANGE. Exposure tc the ercsion eznvironment did not
cause detectable weight loss from the tough coatings (Teflon, Kapton, silicone, ~—

polyurethane, etc.). The hard surfaces (flame sprayed nickel aluminide (NiAl),

22
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Integrating Sphere

Entrance Ports (Samples Are Placed Here For Absorptance
anid Transmittance MAeasurements)

Exit Ports (Sampie and Reference Materials Are Placed
Here For Reflectance and Fluorescence Measurements;
Otherwise, Ports Are Normally Covered With Magnesium
Oxide Plates)

Ini.grating Sphere Opening (Filter Is Placed Here For
Fluorescence Measurements)

Detector

Figure 5 — Integrating Sphere Reflectometer
Optical Arrongement
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plasma sprayed A1203 and glass reference clides) and the soft highly pigrented
ii-10 coating d4id experience significant weight losses,

At a given dust density and wind veloecity, change in orientation froun
45 to 90 degrees had no apprecisble effect on weight loss except for the A1203
and the glass reference slides. 3Both of these materials had a higher weight
loss at a JU-degrez angle. ‘the H-10 and flame sprayed NiAl + Zr0p boih
experienced only slight differences in weight loss due to changing the angle.

Trereasing the dust density from 1.0 x 10— to 1.45 x 10 oz/ft’, with
a ) degree angle, did not cause an appreciable increase in the weight loss of
any nmaterials tested.

Increasing the exposure time from 2 to 4 hours, with approximately the same
dust density (1.5 x 10-4 oz/fta) and a 90 degree angle, did increase the weight
lcss for the flame and plasme sprayed coatings and the soft H-10 coating,
Except for the glass reference meterials, increasing from a 2-howr «np. ure

to a h-hour exposure did not doubtle the weight loss from the hard mat-rials.

L.3.1.2 THICKHESS CHANGE. The weight and thickness loss from the glass

refererce slides mignt be expected to be directly proportional. ‘The lack of
orecise correspcndence in the data of Table 4 is attributed to factors such as
adherence of dust coatings, and chipping or pitting in the case of glass slides.
Ceparation of coatings from their substrates, surface spalling causing isolated
thickness increases, etc,, result in local variations in thickness whicii may not
correspond directly with weight changes.

Resilient <oatings, such as those made of Kapton or Teflon were not eroded
by the sand/dust exposure. The hard ccatings were eroded rather severely, but

this factor has the corpensating advantage of exposing clean thermal control

24
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surface material. The O‘IS/ET ratios for erodible surfaces therefore tend to
rerain at their original values, &s long as a reasonable amount cof the coating

thickness remains.

L.3.1.3 EMITTANCE AND SOLAR ABSORPTANCE CHANGE. The consistency of

¥g, €y and ds/ ST data shown in Tables 6, 7, and 8 is quite good ccnsidering
that only one specimen of each coating type was exposed to any one parameter.
The first column in each table contains the average values of clean and unex-
posed specimens of each coatiang type. These average values were determined
from the four specimens of each coating type used in the tests. The values in
the other columns &are for individual specimens.

Resilient coatings such as aluminized Teflon, gold coated Kapton, gold
coated Teflon, and polyurethane did not lose coating material in the erosion
environment, but dust adhered to or became embedded in the coatings and caused
the ag/en values to increase with exposure time, as shown in Table 8.

Hard coatings (plasma sprayed A1203, flame sprayed .iAl, and NiAl + Zr0O,)
lost some of their coating thickness, but erosion reduced the buildup of a
contamineting dust film. The %g/€q ratios shown in Table 8 for the plasma
sprayed Alp03 and the alumino-silicate pigmented glass resin (8-10) coatings
remained relatively stable despite the severity of the erosion parameters. The
dS/GT ratio fcr unpigmented glasé resin also stablized, but its value was some-
what higher,

At one time, the aluminized Teflon had been considered for the radiator of
the Viking Mars lander. This coating has an initial 9g/€, value of 0.308.
Surface erosion raised the value to 0.862 after 4 hours (Table 8). No coating
loss was measured, so the OIS/GT increase was probably caused by surface roughen-

ing, augmented by adherence of dust.
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Tabie &6 - Change in Sciar Absorptance

Post Exposure Results
Exposure Parameters”
Group Group Group
C-1C/C-i2C C-18/C--128B C-10-C-12D
T 2 Hours 2 Hours 4 Hours
1.0x10-4 0z Fr3 1.4510~4 0z F3 1.50x16-4 0z F13
.; Material Avg. Dusty Clean”" Dusty Cleon™” Dusty Cieon”*
" Alymino-Siticate Pigmented Gloss Resin|  0.16 0.27 0.24 0.41 0.30 0.39 0.32
¢ Aluminized Teflon 0.24 0.45 0.46 0.53 0.51 0.67 0.65
i Plasma Sprayed Aly04 0.27 0.34 0.33 0.41 0.39 0.40 0.41
, Gloss Resin — Unpigmented 0.33 0.44 0.43 G.49 0.46 0.5 0.4S
© White Polyurethone 033 | 0.55 0.55 0.69 0.63 0.72 0.68
i Gold Cooted Teflon 0.41 P0.57 0.55 0.62 0.60 on 0.67
é Gold Coated Kopton 0.5 0.73 0.72 0.80 0.79 0.86 0.82
| Aluminum Pigmented Silicone 0.51 0.78 0.76 0.80 0.79 0.85 0.84
i Alyminym Pigmented Epoxy 0.52 0.76 0.76 0.81 0.81 0.84 0.84
! Grit Blasted 606176 Aluminum 0.68 0.65 0.66 0.69 0.70 9.72 0.72
| Flame Spraysd NiAl - Zc0y 0.84 0.78 0.78 0.80 0.80 0.79 0.79
[ Flame Sproyed Ni1Al 0.86 0.78 0.78 0.79 0.79 0.78 0.77

Motes * Pressure 7.0 Tor
Gas Velocity 220 Ft Sec
Specimens Mounted ot 90°

**Test Specimens Were Clerned With Compressed Nitroge~ and
A Soft Ny'on Brush Prior To Measurenments
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Table 7 — Change in Emittance

Post Eaposu- Results
Expcsure Poraneters”
Group Group Group
c-1cCc-12C C-18/C-128 C-1DC-12D
2 Hours 2 Hours 4 Hoyrs
1.0x1674 0z FT3 1.45<1074 0z Fr' 1.5x10~4 0z F13
_ e o T-. 7 e [ €xe
Material Avg. Dusty Clean Dusty Cleon Dusty Clean
Grit Blasted 606176 Aluminum 0.25 0.36 0.40 0.41 0.43 6.43
Aluminum Pigmented Silicone 0.44 0.71 8.72 0.7 0.72 0.72
Aluminum Pigmeated Epexy 0.47 0.67 0.71 0.68 0.79 0.74
Flome Sprayed NiAl 0.58 0.45 0.49 0.47 .51 0.47
Fleme Spreyed NiAl - Zr0 0.62 Not 0.46 0.50 0.42 0.51 0.47
G old Cooted Tetlon 0.65 Measured 266 0.5 0.67 0.70 0.69
Glass Resin — Unpigmented 9.75 0.66 0.76 0.7¢% 0.79 0.77
Aluminized Teflon 0.77 9.76 0.77 0.76 0.79 0.75
Goid Coated Kapton 0.82 0.83 0.84 0.83 0.83 0.85
Plasma Spreyed Al505 0.83 0.83 .83 0.83 0.86 0.86
White Polyurethane 0.89 0.85 0.90 0.89 on ¢.92
Alumino-Silicate Pigmented Glass Resin 0.93 0.93 0.93 0.91 0.9C 0.93

Nctes * Pressure 7.0 Torr
Wind Velocity 220 Ft Sec
Specimen Mounted ot $0°

**Test Specimens Were Cieaned With Compressed Nitrogen and
A Soft Nylon Brush Prior To Measurements
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Table 8 ~ Changes in Solar Absorptance to Emittance Ratio

Post Exposure Resuits
Exposure Parameters”
Group Group Group
C-1C/C-12C C-1B,C-128 C-1b-C-12D
2 Hours 2Hours 4 Hours
1.0x10-4 0z F13 1.45x10~4 0z Fr3 1.5x10-4 0z F13
Avg. a e a feq ve a ‘v a_‘er.. a_’c a_leqe.
Materal as"'zT D:stJ CsleczT'» Dsus!‘y sCie‘l('m Dsusy-; E‘e:[':-n
Alumino-Siticate Pigmented Glass Resin 0.172 0.260 0.441 0.334 0.427 0.341
Aluminized Teflon 0 308 0.600 : 9.690 0.665 0.847 0.852
Plasma Sprayed Alj01 0.320 0398 | 0.493 0.468 0.539 0.473
White Polyurethane 0.377 0.656 0.769 0.708 0.793 0.734
Glass Resin Unpigmented 0.422 0.654 0.645 0.618 0.636 0.545
Gold Coated Kapton 0.623 0.865 0.949 0.949 1.049 0.958
Gold Coated Teflon 0.629 0.838 0.960 0.200 1.010 0.976
Alumiaum Pigmented Epoxy 1.100 Net 1.140 1.150 1.200 1.080 1.130
Aluminum P:gmented Silicone 1.150 Measured 1.060 1.120 1120 1.180 1.170
Flarie Sprayed NiAl . Z¢0, 1.360 1.700 1 590 1690 1.550 1.670
Flame Sprayed N:iAl 1.480 1.740 1.610 1.690 1.520 1650
Grit Blasted 606176 Aluminum 2.760 1.810 J' 1.730 1.720 1.690 1.480
Notes: * Pressure 7.0 Torr **Test Specimens Were Cieaned With Compressed N:trogen and
Wind Velocity 220 Ft Sec A Soft Nylo+ Brush Prior Tc Measurements
Specimens Mcanted at 90°
28
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The test resuits show the verformance of different ccating hincers and
indicate that additicna® ercsicn studies shculd be perforred cn any rew candidate
materiais vhen @5 and €~ requirerents have beer estatlished for the lars Vikirg
Zander. It was alsc ncted that exmittance values dc not change as drastically

as avsorptance values during ercsion, and ercdivie coatings tend e renain

clear, thus retairing approximatery their original & /€ ratics,

~ A Ay AT

s ~ * . — - ~ a
“.3.2  CPLICAL JATTRTALS. The rescliution, transmitiance, and relleclance

cT the selected windcow and mirrcr materials were measured nricr 1o and zfter
exposure tc the simulated ‘artizn sand/dus® storm euvirommernt. The resulis of
the resclution measurerents are given in Tables ¥ and 1C.

There was essentially nc change in resolutiorn for windcows expcesed to the

ons for 5 minutes., After 10 minutes exposure,

P

. o~ . e
similated cdust stcrm conditd
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Tab

te

Fused Silica Window Resolution

et TR . —
Exscs.re Resc . on Pesgiutan
T ve i Cerwast Sefere After
Wonpteg | Dsroent Exscsure Exscsurs
i Set Nurkber Set Number®
z ’ e 3 NA
z2 4 NA
X £ NA
10 5 NA
- 5 NA
. A3 - NA
s 7 NA
. a6 7 NA
: 76 7 NA
io977 7 NA
5 1 e 5 s
; 2C & [
i3 5 é
e 7 7
: 5C 7 7
P60 7 7
0 7 7
-1 7 7
90 7 7
7.7 7 -
16 , 15 5 i
; 2 é 5
: 3 § s
P40 6 6
56 7 6
60 7 3
7¢ ? [
a0 7 £
9c 7 4
§7.7 7 £
15 HY s 2
20 4 2
: 30 G- 3
40 7- 4
50 7- 5
40 7 5
7G 7 5
30 7 5
3G - s
327 7 4
% 16 4 0
20 & 0
x & v
40 7- 9~
X 7- 9~
=0 7 1
] 7 2 :
3¢ 7 2 i
G = 2
i 37.7 7 3

~Greup | Lines. Ali Other Set Numbers are for Greup 11 L nes.
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Table 10

Alumino-Silicate Window Resolution

Exposure | Resolution Resolution
Time Contrast | Before After

Minutes) {Percent} Exposure Exposure

{Set Number) {Set Number)

0 10
20
30
40
50
60
70
86
%0
97.7

5 10
20
3¢

et et e 4 n

10 10

[+
(=]
SNNNNN NOOO W NNNNNSNOO NN SNSNNS OO

15 W

977 !

SNIALN e, Lt besieg » Barst®

Boddaariis

MUMADBLAWLN—~O COOCCOOUOBMULIVA —~ NNOOO OGO ULGE NNNSNNOONONO o

[

(=]

-

(=]
NNSNNNNOOONOO NSNNNNTNOOO-OU e

il Set Numbers in this Table are for Group 1! Lines.
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resolutior decreased sbout 1 set number, After 15 minutes exposure, resolution
decreased aboul 2 set numbers at 5C percent contrast, but dropped off more
rapidly at lower contrast values, especially for fused silica. After 20 minmutes
exposure, the decrease in resolution at 50 percent contrast was 9 set numbers for
fused silica, and 4 for alumiro-silicate. There was no resolution for fused
silica at or below 20 percent contrast, or for alumino-silicate at 10 percent
contrast.

For samples exposed 15 or 20 minutes the image of the resolution target
vas quite dark, making readings difficult. This darkening is ir agreement with
the curves of trapsmittance vs expcsure time, at 550 nm as shown in Figure 6. 'The
difference between the upper curve (diffuse plus specular transmittance), ard the
lower curve (diffuse transnittance), is the amount of incident light usable to
form an imege. For samples exposed 15 minutes or more, less than 15 percent of
the incident light reaches the image. The initial test data, Figure 6, indicated
that the harder alumino-silicate is a better window material than the fused silica
for the sand/dust erosion emvironmeut. The alumino-silicate bas a Knoop hardness
(200 gm load) of 595 Kg/mm® as compared to a Knoop hardness (100 gm load) of
560 l(g/mma for fused silica. After 5 minutes of exposure, the difference between
the diffuse plus specular and the diffuse transmittance for the alumino-silicate
is 56 percent, as compared to l&6‘per<:en'l; for the fused silica material.

No resolutiop measurements were made on the mirrors. If the mirror
reflectance and scattering for Figures 7 and 8 are interpreted in the same
manner as for window transmittence, it is evident that very little light is
available for formation of an image. The mirrors are slightly less degraded —

in the infrared (1750 rm) than in the visible region {550 nm). The second

32 i

MCDONNSELL DOUGLAS ASTRONAUTICS COMPAMLY
HASTERN DIVISION

R P

T Wk w. 173340 ® :
y ?W e o .
Vi -
7 :
BEE v 0 e BRI L sl T Menoyndoeae Aanely




PLANETARY EN':IRONMENT SIMULATION 1 oc hoC Ev038

Erosion And Dust Ceating Effects VOLUME i
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Figure 6 — Transmittance Vs Exposure Time for Windows
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Reflectunce (%)
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Figure 7 — Reflectance vs Exposure Time for
Second Surface Mirror
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surface mirrors were physically more durable than the first surface mirrors,
+ it shouid be noted that incident light passes through the damaged front

surface of a second surface mirror twice.
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5. DISCUSSION

The erosion of the hard materials (flame sprayed coatings and the glass
reference specimens) increased as exposure time and dust density were increased.
The more resilient coatings such as Teflon, Xapton, polyuw=thsre, elastomer:
silicone, ete., did not exhibit weight loss under sny test conditions,

Erosion caused large increasses in solar ab< rptance by all coatings except
the flame-sprayed nickel aluminide-type coati: Ail couznings exhibited
increases in solar sbsorptance due to dust pici p sdifor charges in surface
roughness.,

The nickel aluminide-type coatings were the only ones to exhibit a decrease
in infrared thermal emittance as a result of exposure to the sand/dust erosion
environment. All other coatings exhibited increased emittance values or showed
nc change in emittance. Consequently, even though most of the coatings exhitited
an increase in g, the ag/€q ratio for e mumber of them remained in the useful
range from 0,40 to 0,70.

The specimens with initially lower absorptance tc emittance ratios (H-10
and plasma-sprayed A1203) had tbe smallest changes in their ratios. The H-10
and plasma-sprayed A120 3 eroded sway and always presented a relatively clean
dust-free surface. The more resilient surfaces tended to become coated witk
silica dust which obscured the original surfaces. Some of the white coatings
were observed to darken somevhat during similated sand/dust storms. This
grayish discoloration was examined microscopically (at a magnification of 200),

by infrared multiple internal reflecticn spectrophotometry, and by emission

- ..\‘n..u;‘..a.«..‘wum. camtun u

spectrographic analysis., Scrapings and solvent washings from portions of the
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surfaces were analyzed by infrared transmissior techniques. Within the limits

of sencitivity of these techniques, the only surface conteminant detected was
silicon oxide from a very thin layer of embedded silica dust. Aqua regia
washings of some of whe surfaces were analyzed by emission spectroscopy and

were found tc contain some aluminum with lesser amounts of iron and chromium

and traces of zinc, nickel, lead, and manganese. It is possible that these
metals were irpurities on the dust particles embedded in the coating surfaces
and tha% the impurities had been abraded from the aluminum wind tunnel, stainless
steel disperser, and steel air supply piping.

The solar constant for Mars is 190/Btu/hr/ft? (less than one-half that for
Earth). A coating with an ag/eq ratio of approximately 0.70 (vith ep = 0.80)
could possibly be utilized on a lander without having the vehicle overheat due
to sand/dust storm exposure on the Martian surface. The results of this study
indicate that further tests would be useful in selecting suitable thermal
control coatings for a Mars lander.

The test results indicate that for window materials exposed longer than
10 minutes and mirrors exposed longer thau 5 minutes the smount of radiation
available for image formation is significantly decreased. This results in a
serious loss in resolution, especially at low contrast levels. The brightness
of an image, as observed with a first surface mirror was less than 10 percent
of the true brightness. For windows exposed longer than 10 nminutes, the
brightness was less than 15 percent in the visible (550 nm) and less then

25 percent in the infrared (1750 nm) regions.
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AFFENDIX A

DIRECTIONAL TRANSIITTANCE OF SAIPLES EXPOSED
TO SIMULATED MARTIAN SAND/DUST STORM COMDITIONS
by T. H. Allen

The directional transmittance is not only a function of the intrimsic
optical properties (e.g. refractive index and absorption constaxt) tut also
geometrical factors. These geometrical factors include microscopic surface
imperfections and gross surface curvature. Of primary interest is the fact that
the directional transmittance can be used as a measure of surface damage that
cculd be caused by exposure to Martian sand/dust storm conditions. In order to
determine the feasibility of this technique the directional transmittance of
three glass samples was measured after exposure to similated Martian sa.nd/dust
storm conditions.

The basic instrument consists of a divided circle spectrometer modified to
permit focusing radiatior on the sample, as shown ir Figure A-l. The source was
a helium-neon laser with an output of 0,001 watt at a wavelength of 632.8 mm.

The radiation transmitted by the sample was collected and subsequently focused
on a diffuser shead of a photomultiplier (RCAB5Ti). The collection optics and
detector are mounted on a support which can be rotated with respect to the sample.

The measured directional transmittance over an angular interval of 0 to 70
degrees is shown in Figure A-2. The sand/dust particulate velocity and density
vere the same for all three samples, but the exposure times were varied from 5 to l
15 minutes, These measurements clearly indicate that the directional transmit-
tence is sensitive to this type of surface damage and that significant damage
occurred during exposure times of as little as 5 minutes under these test i

conditions.
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¢ \/ Detector (RCA §571)
\-— Diffuser
I /'/

Optical Transfer System

Damaged Surface
‘\ /— Sample

Uptical Transfer System

Microscope Objective

He~-Ne Laser

Figure A-1 - Optical Arrangement
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Figure A--2 — Effect of Exposure on Directional Transmittance
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APPEIDIX 3

IESCLUTIZH CF OPTICAL ATERIALS
by T. E. Allen

Resolution, as used in these reported reasurements, is the measure of the

maxirum nunber of lines per millirmeter (spacial freqx.ency) which can be distin-

guished., The target has

1

range ~T spacial frequencies ranging from 1 to 130C
cycles per millimeter. Ir addition, the contrast can be varied from 12 tc 27

percent. The contrast, C, is defined by the equatiocn:

where 3, is the luirance cf the spaces and 3, toe luninance or the vars - the
tarzet. The measwiements cre reccrded in terms of sets .tere each set »as the

cllcwing spacial frequency:
& SE ¥

SET 'C. SPACIAL F_'EIiI?QUEIICY
57.17
4.5
93.78

115.09

148.62

187.13

235.60

P BN WIS DU IV

The optical arrangement used fo- meiing the resoluticn measurements cor-
sisted of a f/16 colii: tor having a focal length of 75 inches and ar imaging
£/5.6 lens with a focal length of 12 inches. The sarple was placed approximately
9O inches in front of the collimator, as shown in Figure B-1, and the resulting

image was examined with a microscope having a magnification of 20 times.
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Micrascope

iLens
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ﬁT Collimator

Turget &
Constrast Control

ot

Fiqure B~1 — Optical Arrangement
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ABSTRACT

Ten thermal coatings, two mirrors amd two windov materials, for applicetion on
the 1973 Mars Viking Lander vehicles, were exposed to simulated Martian surface
conditions, Weight, thickness, solar absorptance, infrared emittance, reflec-
tance, and transmission changes were m:asured on the samp.es exposed to two
difrerent dust densities at U5 and YO deg-ze angles to the flow and exposure
*imes of 2 and 4 hours. After 10 minutes of exposure, the fused silica and the
alurino-silicate window materials were rendered unusable as a transmitting
material. Large increases in solar absorptance were measured for most of the

coatings exposed to the simulated environment. Although these coatings exhibited

this increase in solar absorptance, the as/ € ratio for a number of these coatings

remained in the useful range of 0.4C to C.70.
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